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(57) Provided is a transport device in which a reduction in the size and a reduction in the cost of the entire device
are possible. A transport unit 20 which is interposed between a sub-chamber 4 and a first treatment chamber 10 is
provided with: a transport bar 21 which transports a sample S along a right-left direction in a preliminary sample chamber;
a support 31 which supports the transport bar; a case 41 which supports the support so as to be rotatable around a
rotation axis intersecting the right-left direction; and a second O-ring 52 which seals an inside of the case. The preliminary
sample chamber and a first treatment space can communicate with each other through the inside of the case. The
transport bar is made so as to be able to transition between a first state where the transport bar can transport the sample
between the preliminary sample chamber and the inside of the case, and a second state where the transport bar can
transport the sample between the first treatment space and the inside of the case, by rotation of the support with respect
to the case.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a transport de-
vice, a treatment device, a vacuum device, and a charged
particle beam device.

Description of Related Art

[0002] In the related art, for example, in analysis of a
biological sample or the like, there is a case where after
treatment such as cooling is performed on the sample,
the sample is analyzed in an analysis device. In this case,
there is a case where after treatment of the sample is
performed in a device for a treatment process provided
independently of the analysis device, the sample is trans-
ported to the analysis device by using a case or the like
which can transfer the sample in a state where it is iso-
lated from the atmosphere. In this way, the sample is
prevented from coming into direct contact with oxygen,
water, or the like in the air.
[0003] For example, Patent Document 1 discloses a
configuration of transporting a sample from an external
cryo-station into an electron microscope by using a sam-
ple holder for preventing frost from adhering to the sam-
ple.

Prior Art Document

Patent Document

[0004] Patent Document 1
Published Japanese Translation No. 2004-508661 of the
PCT International Publication

SUMMARY OF THE INVENTION

[0005] However, in the configuration of the related art
described above, the analysis device and the device for
a treatment process are independently provided, and
therefore, there is a problem in which the size of an entire
device increases and a cost increases.
[0006] Therefore, the present invention is for providing
a transport device, a treatment device, a vacuum device,
and a charged particle beam device, in which a reduction
in the size and a reduction in the cost of the entire device
are possible.
[0007] In order to solve the above problem, according
to an aspect of the present invention, there is provided
a transport device which is interposed between a first
chamber and a second chamber, including: a transport
bar which transports a sample along a predetermined
direction in the first chamber; a support which supports
the transport bar; a case which supports the support so
as to be rotatable around a rotation axis intersecting the

predetermined direction; and a seal member which is dis-
posed between the support and the case and seals the
inside of the case, in which the inside of the first chamber
and the inside of the second chamber can communicate
with each other through the inside of the case, and the
transport bar is made so as to be able to transition be-
tween a first state where the transport bar can transport
the sample between the inside of the first chamber and
the inside of the case, and a second state where the
transport bar can transport the sample between the in-
side of the second chamber and the inside of the case,
by rotation of the support with respect to the case.
[0008] According to the present invention, the inside
of the case is sealed by the seal member and the trans-
port bar is made so as to be able to transition between
the first state where the transport bar can transport the
sample between the inside of the first chamber and the
inside of the case, and the second state where the trans-
port bar can transport the sample between the inside of
the second chamber and the inside of the case. There-
fore, it is possible to mutually transfer the sample be-
tween the first chamber and the second chamber under
an isolated atmosphere. For this reason, it becomes pos-
sible to connect the first chamber and the second cham-
ber in a state where the inside of the first chamber and
the inside of the second chamber communicate with each
other under an isolated atmosphere. Therefore, it is pos-
sible to provide a transport device in which a reduction
in the size and a reduction in the cost of the entire device
are possible, compared to a configuration in which a first
chamber and a second chamber with an isolated internal
atmosphere are disposed independently of each other.
[0009] According to another aspect of the present in-
vention, there is provided a treatment device including:
the above-described transport device; the first chamber;
and the second chamber.
[0010] According to the present invention, it is possible
to transfer the sample subjected to treatment such as
cooling in, for example, the second chamber, to the first
chamber by the transport bar of the transport device.
Therefore, a reduction in the size and a reduction in the
cost of a treatment device are possible, compared to a
treatment device of the related art in which a device for
a treatment process and an analysis device are inde-
pendently provided.
[0011] In the treatment device described above, it is
preferable that the treatment device further includes a
first gate valve which is interposed between the first
chamber and the case and opens and closes a commu-
nication passage between the inside of the first chamber
and the inside of the case.
[0012] According to the present invention, the commu-
nication between the inside of the first chamber and the
inside of the second chamber can be cut off by blocking
the communication passage between the inside of the
first chamber and the inside of the case by the first gate
valve. In this way, in a case where the second chamber
can become a contamination source with respect to the
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first chamber, a case where gas is generated from the
second chamber, or the like, a contaminant, gas, or the
like can be prevented from flowing from the second cham-
ber into the first chamber.
[0013] In the treatment device described above, it is
preferable that the transport device is detachably con-
nected to the first gate valve.
[0014] According to the present invention, a transport
unit along with the second chamber can be mounted and
dismounted with respect to the first chamber in a state
where the atmosphere of the inside of the first chamber
is cut off by blocking the communication passage be-
tween the inside of the first chamber and the inside of
the case by the first gate valve. In this way, the atmos-
phere of the inside of the first chamber can be maintained
as a desired atmosphere, and therefore, it is possible to
efficiently perform analysis and treatment of the sample.
[0015] In the treatment device described above, it is
preferable that the treatment device further includes a
second gate valve which is interposed between the sec-
ond chamber and the case and opens and closes a com-
munication passage between the inside of the second
chamber and the inside of the case.
[0016] According to the present invention, the commu-
nication between the inside of the first chamber and the
inside of the second chamber can be cut off by blocking
the communication passage between the inside of the
second chamber and the inside of the case by the second
gate valve. In this way, in a case where the second cham-
ber can become a contamination source with respect to
the first chamber, a case where gas is generated from
the second chamber, or the like, a contaminant, gas, or
the like can be prevented from flowing from the second
chamber into the first chamber.
[0017] In the treatment device described above, it is
preferable that the second chamber is detachably con-
nected to the second gate valve.
[0018] According to the present invention, the second
chamber can be mounted and dismounted with respect
to the transport unit in a state where the atmosphere of
the inside of the case is cut off by blocking the commu-
nication passage between the inside of the second cham-
ber and the inside of the case by the second gate valve.
In this way, the atmosphere of the inside of the first cham-
ber which communicates with the inside of the case can
be maintained as a desired atmosphere, and therefore,
it is possible to efficiently perform analysis and treatment
of the sample.
[0019] In the treatment device described above, it is
preferable that a plurality of the second chambers are
connected to the transport device.
[0020] According to the present invention, by allowing
various treatments with respect to the sample, such as
cooling, heating, or vapor deposition, for example, to be
performed in the respective second chambers, it be-
comes possible to perform various treatments on the
sample in the treatment device. Therefore, a reduction
in the size and a reduction in the cost of the treatment

device become possible, compared to a treatment device
of the related art in which devices for various treatment
processes and an analysis device are independently pro-
vided with respect to a sample.
[0021] According to still another aspect of the present
invention, there is provided a vacuum device including:
the above-described treatment device.
[0022] According to the present invention, it is possible
to provide a small and low-cost vacuum device in which
the device is provided with the above-described treat-
ment device, whereby it is possible to mutually transfer
a sample between the first chamber and the second
chamber provided in a single device, under a vacuum
atmosphere.
[0023] Furthermore, the first chamber and the second
chamber are provided in the same vacuum device, and
therefore, it becomes possible to share a vacuum pump
which is connected to the first chamber and the second
chamber, and thus the cost of the device can be further
reduced.
[0024] According to still yet another aspect of the
present invention, there is provided a charged particle
beam device including: the above-described vacuum de-
vice; a charged particle beam column which irradiates a
sample with a charged particle beam; and a detector
which detects secondary particles which are emitted from
the sample due to irradiation with the charged particle
beam.
[0025] According to the present invention, it is possible
to provide a small and low-cost charged particle beam
device in which the device is provided with the above-
described vacuum device, whereby it is possible to mu-
tually transfer a sample between the first chamber and
the second chamber provided in a single device, under
a vacuum atmosphere.
[0026] According to the present invention, the inside
of the case is sealed by the seal member and the trans-
port bar is made so as to be able to transition between
the first state where the transport bar can transport the
sample between the inside of the first chamber and the
inside of the case, and the second state where the trans-
port bar can transport the sample between the inside of
the second chamber and the inside of the case. There-
fore, it is possible to mutually transfer the sample be-
tween the first chamber and the second chamber under
an isolated atmosphere. For this reason, it becomes pos-
sible to connect the first chamber and the second cham-
ber in a state where the inside of the first chamber and
the inside of the second chamber communicate with each
other under an isolated atmosphere. Therefore, it is pos-
sible to provide a transport device in which a reduction
in the size and a reduction in the cost of the entire device
are possible, compared to a configuration in which a first
chamber and a second chamber with an isolated internal
atmosphere are disposed independently of each other.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

FIG. 1 is a configuration diagram of a treatment de-
vice of a first embodiment.
FIG. 2 is a cross-sectional view in a plane which is
orthogonal to a front-back direction at the center in
the front-back direction of a section A of FIG. 1.
FIG. 3 is an explanatory diagram of an operation of
the treatment device of the first embodiment and is
a cross-sectional view in a plane which is orthogonal
to the front-back direction at the center in the front-
back direction of a section equivalent to the section
A of FIG. 1.
FIG. 4 is an explanatory diagram of an operation of
the treatment device of the first embodiment and is
a cross-sectional view in a plane which is orthogonal
to the front-back direction at the center in the front-
back direction of the section equivalent to the section
A of FIG. 1.
FIG. 5 is an explanatory diagram of an operation of
the treatment device of the first embodiment and is
a cross-sectional view in a plane which is orthogonal
to the front-back direction at the center in the front-
back direction of the section equivalent to the section
A of FIG. 1.
FIG. 6 is an explanatory diagram of an operation of
the treatment device of the first embodiment and is
a cross-sectional view in a plane which is orthogonal
to the front-back direction at the center in the front-
back direction of the section equivalent to the section
A of FIG. 1.
FIG. 7 is an explanatory diagram of an operation of
the treatment device of the first embodiment and is
a cross-sectional view in a plane which is orthogonal
to the front-back direction at the center in the front-
back direction of the section equivalent to the section
A of FIG. 1.
FIG. 8 is an explanatory diagram of a treatment de-
vice of a second embodiment and is a cross-section-
al view in a plane which is orthogonal to the front-
back direction at the center in the front-back direction
of the section equivalent to the section A of FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

[0028] Hereinafter, embodiments of the present inven-
tion will be described based on the drawings.

[First Embodiment]

[0029] First, a treatment device 1 and a transport unit
20 (a transport device) of a first embodiment will be de-
scribed. In this embodiment, a focused ion beam device
which is a type of a charged particle beam device (a vac-
uum device) in which analysis can be performed in a
state where a biological sample such as a cell is cooled

will be described to be cited as an example of the treat-
ment device 1.
[0030] FIG. 1 is a configuration diagram of the treat-
ment device of the first embodiment. The treatment de-
vice 1 is used in a state of being installed in a horizontal
plane. In the drawing, the vertically upper side is shown
by an arrow UP, the front side is shown by an arrow FR,
and the left side is shown by an arrow LH.
[0031] As shown in FIG. 1, the treatment device 1 is
provided with a main chamber 3 in which a sample S can
be accommodated, a sub-chamber 4 (a first chamber),
a first treatment chamber 10 (a second chamber), and
the transport unit 20 which is interposed between the
sub-chamber 4 and the first treatment chamber 10. The
treatment device 1 is mounted on a vibration isolation
table 2.
[0032] The main chamber 3 is formed in a hollow rec-
tangular parallelepiped shape by using, for example, a
metal material, and a sample chamber 3a is formed inside
thereof. A sample stage (not shown) is disposed in the
sample chamber 3a. The sample stage is made such that
a sample holder 9 with the sample S fixed thereto can
be set thereon. The sample holder 9 is formed of a ma-
terial having a high thermal conductivity. As the material
having a high thermal conductivity, for example, a metal
material or the like is suitable. In the right wall of the main
chamber 3, an opening 3b penetrating in a right-left di-
rection is formed.
[0033] A first vacuum pump (not shown) is connected
to the main chamber 3. The first vacuum pump depres-
surizes the sample chamber 3a, thereby making the sam-
ple chamber 3a be in a vacuum state. Further, an ion
beam column 6 (a charged particle beam column) and a
detection section 8 (a detector) are disposed at an upper
portion of the main chamber 3. The ion beam column 6
is disposed so as to be able to irradiate the sample S set
on the sample stage with an ion beam (a charged particle
beam). The detection section 8 is provided with a sec-
ondary electron detector or the like, which detects sec-
ondary electrons (secondary particles) which are emitted
from the sample S when the sample S is irradiated with
the ion beam.
[0034] The sub-chamber 4 is mounted on the right side
of the main chamber 3 through a gate valve 5. The sub-
chamber 4 is formed in a hollow rectangular parallelepi-
ped shape by using, for example, a metal material, and
a preliminary sample chamber 4a is formed inside there-
of. The spatial volume of the preliminary sample chamber
4a is made to be sufficiently small compared to the spatial
volume of the sample chamber 3a. In the left wall of the
sub-chamber 4, a first opening 4b penetrating in the right-
left direction is formed so as to overlap the opening 3b
of the main chamber 3 when viewed from the right-left
direction. The first opening 4b makes the sample cham-
ber 3a and the preliminary sample chamber 4a commu-
nicate with each other through the opening 3b of the main
chamber 3 in a state where the gate valve 5 is opened.
Further, in the right wall of the sub-chamber 4, a second
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opening 4c penetrating in the right-left direction is formed
so as to overlap the first opening 4b when viewed from
the right-left direction.
[0035] A second vacuum pump (not shown) is connect-
ed to the sub-chamber 4. The second vacuum pump de-
pressurizes the preliminary sample chamber 4a, thereby
making the preliminary sample chamber 4a be in a vac-
uum state. Further, a door (not shown) which opens the
preliminary sample chamber 4a is provided at the sub-
chamber 4, and thus it becomes possible to perform ex-
change work or the like of the sample holder 9 in the
preliminary sample chamber 4a.
[0036] FIG. 2 is a cross-sectional view in a plane which
is orthogonal to a front-back direction at the center in the
front-back direction of a section A of FIG. 1.
[0037] As shown in FIG. 2, the transport unit 20 is
mounted on the right side of the sub-chamber 4 through
a gate valve 13 (a first gate valve). The transport unit 20
is provided with a transport bar 21 which transports the
sample S, a support 31 which supports the transport bar
21, and a case 41 which supports the support 31.
[0038] The transport bar 21 transports the sample S
fixed to the sample holder 9 along the right-left direction
(a predetermined direction) in the inside (the preliminary
sample chamber 4a) of the sub-chamber 4. The transport
bar 21 is provided with a cylindrical main body section
22 and a cap 23 airtightly fitted on the inside of one end
portion of the main body section 22. An outer flange por-
tion 22a projecting radially outward from the main body
section 22 is formed at one end portion of the main body
section 22. The cap 23 is formed in a columnar shape.
The outer diameter of the cap 23 is made to be equal to
the inner diameter of the main body section 22. An outer
flange portion 23a projecting radially outward from the
cap 23 is formed at one end portion of the cap 23. The
outer diameter of the outer flange portion 23a of the cap
23 is made to be equal to the outer diameter of the outer
flange portion 22a of the main body section 22. The sur-
face on the other end side of the outer flange portion 23a
of the cap 23 is in contact with the surface on one end
side of the outer flange portion 22a of the main body
section 22.
[0039] A mounting portion 23b on which the sample
holder 9 is mounted is provided to protrude from one end
portion of the cap 23 (hereinafter, there is a case where
the one end portion is referred to as a "tip portion of the
transport bar 21"). The mounting portion 23b is, for ex-
ample, a male screw, a hook, or the like which is coupled
to the sample holder 9.
[0040] The support 31 is formed in a spherical shape
by using, for example, a metal material or the like. A
through-hole 32 having a circular cross-section is formed
in the support 31. The central axis of the through-hole 32
passes through the center of the support 31. The through-
hole 32 has a pair of large-diameter portions 33 and a
small-diameter portion 34. The pair of large-diameter por-
tions 33 is formed so as to become coaxial with each
other with the small-diameter portion 34 interposed ther-

ebetween. The inner diameter of each of the pair of large-
diameter portions 33 is made to be larger than the outer
diameter of the outer flange portion 22a in the main body
section 22 of the transport bar 21. The inner diameter of
the small-diameter portion 34 is made to be equal to the
outer diameter of the main body section 22 of the trans-
port bar 21. A groove portion 36 is formed along a cir-
cumferential direction of the small-diameter portion 34 in
the inner peripheral surface of the small-diameter portion
34.
[0041] A guide tube 38 is fitted on the inside of the
large-diameter portion 33 on one side, out of the pair of
large-diameter portions 33. The outer diameter of the
guide tube 38 is made to be equal to the inner diameter
of the large-diameter portion 33. The inner diameter of
the guide tube 38 is made to be equal to the inner diam-
eter of the small-diameter portion 34, that is, be equal to
the outer diameter of the main body section 22 of the
transport bar 21. One end edge of the guide tube 38 is
in contact with a stepped surface between the large-di-
ameter portion 33 on one side and the small-diameter
portion 34 of the support 31. The other end portion of the
guide tube 38 protrudes toward the outside from the sup-
port 31.
[0042] The transport bar 21 is inserted into the through-
hole 32 of the support 31. Specifically, the transport bar
21 is inserted into the inside of the small-diameter portion
34 and the guide tube 38 such that the outer flange portion
22a of the main body section 22 and the outer flange
portion 23a of the cap 23 are located further toward the
side of the large-diameter portion 33 on the other side
than the small-diameter portion 34. The outer flange por-
tion 22a of the main body section 22 of the transport bar
21 is made so as to be able to come into contact with a
stepped surface between the large-diameter portion 33
on the other side and the small-diameter portion 34 of
the support 31. In this way, coming-out of the transport
bar 21 from the through-hole 32 is restricted. A first O-
ring 51 fitted into the groove portion 36 is interposed be-
tween the outer peripheral surface of the main body sec-
tion 22 of the transport bar 21 and the inner peripheral
surface of the small-diameter portion 34 of the support
31. The first O-ring 51 performs sealing between the
transport bar 21 and the through-hole 32 of the support
31. A tip portion of the transport bar 21 is accommodated
inside of the large-diameter portion 33 on the other side
in a state where the outer flange portion 22a of the main
body section 22 comes into contact with the stepped sur-
face between the large-diameter portion 33 on the other
side and the small-diameter portion 34 of the support 31
(a state shown in FIG. 2, hereinafter, the state is referred
to as a "pull-out state").
[0043] The case 41 is formed in a hollow shape by
using, for example, a metal material or the like. The case
41 is formed so as to be able to be divided into a first
case 41A provided further toward the lower left side than
a center point C of a support retaining section 43 (de-
scribed later) when viewed from the front, and a second

7 8 



EP 3 139 397 A1

7

5

10

15

20

25

30

35

40

45

50

55

case 41B provided further toward the upper right side
than the center point C.
[0044] The support retaining section 43 having a
spherical shape corresponding to the outer peripheral
surface of the support 31 is formed on the inside of the
case 41. The support retaining section 43 is formed over
the first case 41A and the second case 41B. The support
31 is retained in the support retaining section 43 so as
to be rotatable around the center point C of the support
retaining section 43.
[0045] A second O-ring 52 (a seal member) is inter-
posed between the support retaining section 43 and the
support 31. The second O-ring 52 is disposed along a
virtual plane which passes through the center point C
and is rotated by 45° in a clockwise direction from a hor-
izontal plane when viewed from the front. The second O-
ring 52 performs sealing between the support retaining
section 43 and the support 31.
[0046] A first opening portion 45 and a second opening
portion 46 are formed in the first case 41 A.
[0047] The first opening portion 45 penetrates a left
side portion of the first case 41A in the right-left direction
so as to become coaxial with an axis passing through
the center point C and being along the right-left direction.
The opening size of the first opening portion 45 is made
to be equal to the inner diameter of the large-diameter
portion 33 of the support 31.
[0048] The second opening portion 46 penetrates a
lower portion of the first case 41 A in an up-down direction
so as to become coaxial with an axis passing through
the center point C and being along the up-down direction.
The opening size of the second opening portion 46 is
made to be equal to the inner diameter of the large-di-
ameter portion 33 of the support 31.
[0049] A portion between the first opening portion 45
and the second opening portion 46 on the inside of the
first case 41 A becomes an enlarged diameter portion 47
formed to be further enlarged in diameter than the support
retaining section 43. A space between the enlarged di-
ameter portion 47 of the case 41 and the support 31
makes the first opening portion 45 and the second open-
ing portion 46 communicate with each other. In the fol-
lowing description, a portion which makes the first open-
ing portion 45 and the second opening portion 46 com-
municate with each other on the inside of the case 41 is
referred to as an "inside 42 of the case 41".
[0050] A slit 44 is formed in the second case 41B. The
slit 44 is formed along a plane which passes through the
center point C and is orthogonal to the front-back direc-
tion. The guide tube 38 protruding from the support 31
is disposed in the slit 44. The width of the slit 44 is made
to be equal to the outer diameter of the guide tube 38. In
this way, the support 31 is made to be rotatable around
a rotation axis P passing through the center point C and
being along the front-back direction, by moving the guide
tube 38 in the slit 44. One end portion of the slit 44 is
provided at a position corresponding to a state where the
guide tube 38 is disposed along the right-left direction (a

state shown by a two-dot chain line in FIG. 2). The other
end portion of the slit 44 is provided at a position corre-
sponding to a state where the guide tube 38 is disposed
along the up-down direction (a state shown by a solid
line in FIG. 2).
[0051] The case 41 is disposed with respect to the sub-
chamber 4 such that the first opening portion 45 is located
at a position corresponding to the second opening 4c of
the sub-chamber 4 when viewed from the right-left direc-
tion. The gate valve 13 is interposed between the sub-
chamber 4 and the case 41. The gate valve 13 is detach-
ably mounted on each of the sub-chamber 4 and the case
41 by, for example, bolts or the like. In this way, the trans-
port unit 20 is detachably connected to the gate valve
13. A third O-ring 53 is interposed between the gate valve
13 and the sub-chamber 4. Further, a fourth O-ring 54 is
interposed between the gate valve 13 and the case 41.
[0052] The inside 42 of the case 41 communicates with
the preliminary sample chamber 4a through the first
opening portion 45 of the case 41 and the second opening
4c of the sub-chamber 4. The first opening portion 45 of
the case 41 and the second opening 4c of the sub-cham-
ber 4 form a communication passage between the inside
42 of the case 41 and the preliminary sample chamber
4a. The gate valve 13 opens and closes the communi-
cation passage between the inside 42 of the case 41 and
the preliminary sample chamber 4a.
[0053] The first treatment chamber 10 is mounted on
the lower side of the case 41 through a gate valve 14 (a
second gate valve). The first treatment chamber 10 is
formed in a hollow rectangular parallelepiped shape and
is made so as to be able to store a refrigerant L such as
liquid nitrogen or liquefied ethane, for example, in a first
treatment space 10a inside thereof. In the first treatment
chamber 10, an opening 10b penetrating an upper wall
of the first treatment chamber 10 in the up-down direction
is formed. The opening 10b is formed, for example, in
the same shape as the second opening portion 46 of the
case 41 when viewed from the up-down direction. A pipe
11 is connected to an upper portion of the first treatment
chamber 10. A valve 12 switchable the through flow rate
of gas in the pipe 11 is provided at a middle portion of
the pipe 11. The first treatment space 10a is made so as
to be able to be evacuated through the pipe 11 by, for
example, the second vacuum pump (not shown). The
first treatment chamber 10 is regarded as being a cham-
ber for cooling treatment which cools the sample S by
the refrigerant L.
[0054] The first treatment chamber 10 is disposed with
respect to the case 41 such that the opening 10b is lo-
cated at a position corresponding to the second opening
portion 46 of the case 41 when viewed from the up-down
direction. The gate valve 14 is interposed between the
first treatment chamber 10 and the case 41. The gate
valve 14 is detachably mounted on each of the case 41
and the first treatment chamber 10 by, for example, bolts
or the like. In this way, the first treatment chamber 10 is
detachably connected to the gate valve 14. A fifth O-ring
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55 is interposed between the gate valve 14 and the case
41. Further, a sixth O-ring 56 is interposed between the
gate valve 14 and the first treatment chamber 10.
[0055] The first treatment space 10a communicates
with the inside 42 of the case 41 through the opening 10b
of the first treatment chamber 10 and the second opening
portion 46 of the case 41. The opening 10b of the first
treatment chamber 10 and the second opening portion
46 of the case 41 form a communication passage be-
tween the first treatment space 10a and the inside 42 of
the case 41. The gate valve 14 opens and closes the
communication passage between the first treatment
space 10a and the inside 42 of the case 41. The first
treatment space 10a and the preliminary sample cham-
ber 4a are made so as to be able to communicate with
each other through the inside 42 of the case 41.
[0056] The inside 42 of the case 41 is sealed with re-
spect to the outside through the slit 44, by the first O-ring
51 and the second O-ring 52. In this way, the preliminary
sample chamber 4a, the inside 42 of the case 41, and
the first treatment space 10a have atmosphere isolated
with respect to the outside.
[0057] Hereinafter, operations of the treatment device
1 and the transport unit 20 of this embodiment will be
described with reference to FIGS. 3 to 7. In this embod-
iment, procedure for observing the sample S by a focused
ion beam in a state where a biological sample such as a
cell is cooled will be described.
[0058] FIGS. 3 to 7 are explanatory diagrams of the
operation of the treatment device of the first embodiment
and are cross-sectional views in a plane which is orthog-
onal to the front-back direction at the center in the front-
back direction of the section A of FIG. 1.
[0059] First, the sample S is set on the sample holder
9 outside of the treatment device 1. Further, in order to
accommodate liquid nitrogen (the refrigerant L) in the
first treatment space 10a, after the gate valve 14 is
closed, the first treatment chamber 10 is removed from
the gate valve 14.
[0060] Next, as shown in FIG. 3, the gate valve 13 is
opened. At this time, the gate valve 5 is in a closed state,
and the sample chamber 3a is evacuated by the first vac-
uum pump (not shown) (refer to FIG. 1). Subsequently,
the guide tube 38 is made so as to be in a state of being
disposed along the right-left direction. In this way, the
transport bar 21 inserted into the guide tube 38 is in a
state of being along the right-left direction. By displacing
the transport bar 21 with respect to the support 31, the
tip portion of the transport bar 21 can be moved between
the preliminary sample chamber 4a and the inside 42 of
the case 41 through the second opening 4c of the sub-
chamber 4 and the first opening portion 45 of the case
41. Accordingly, the transport bar 21 can transport the
sample S between the preliminary sample chamber 4a
and the inside 42 of the case 41 by mounting the sample
holder 9 on the mounting portion 23b of the tip portion
thereof. A state where the transport bar 21 is made so
as to be able to transport the sample S between the pre-

liminary sample chamber 4a and the inside 42 of the case
41 is hereinafter referred to as a "first state".
[0061] Next, as shown in FIG. 4, the pressure in the
preliminary sample chamber 4a and the inside 42 of the
case 41 is increased to atmospheric pressure by intro-
ducing gas such as air or nitrogen into the preliminary
sample chamber 4a, and the door of the sub-chamber 4
is opened. Subsequently, the transport bar 21 is pushed
toward the left side, whereby the tip portion of the trans-
port bar 21 is moved into the preliminary sample chamber
4a. Subsequently, the sample holder 9 with the sample
S fixed thereto is put in the preliminary sample chamber
4a and mounted on the mounting portion 23b of the tip
portion of the transport bar 21.
[0062] Next, the door of the sub-chamber 4 is closed,
and the transport bar 21 is pulled out toward the right
side, whereby the pull-out state is created. Subsequently,
the gate valve 13 is closed, thereby cutting off the atmos-
phere of the preliminary sample chamber 4a.
[0063] Next, as shown in FIG. 5, the first treatment
chamber 10 with liquid nitrogen (the refrigerant L) ac-
commodated therein is mounted on the gate valve 14.
Subsequently, the valve 12 is opened, and the first treat-
ment space 10a is evacuated by the second vacuum
pump (not shown). In this way, the liquid nitrogen accom-
modated in the first treatment chamber 10 becomes slush
nitrogen in which particulate solid nitrogen is dispersed.
The temperature of the liquid nitrogen is about -196°C,
whereas the temperature of the slush nitrogen is lowered
to about -210°C.
[0064] Next, the transport bar 21 along with the guide
tube 38 is rotated by 90° in a counterclockwise direction
around the rotation axis P when viewed from the front,
whereby a state where the guide tube 38 is disposed
along the up-down direction is created. In this way, the
transport bar 21 is made so as to be able to transport the
sample S disposed at the tip portion thereof between the
first treatment space 10a and the inside 42 of the case
41. A state where the transport bar 21 is made so as to
be able to transport the sample S between the first treat-
ment space 10a and the inside 42 of the case 41 is here-
inafter referred to as a "second state".
[0065] Next, as shown in FIG. 6, the gate valve 14 is
opened, and the transport bar 21 is pushed downward,
whereby the tip portion of the transport bar 21 is moved
to the first treatment space 10a. In this way, the sample
S disposed at the tip portion of the transport bar 21 is
immersed in the slush nitrogen. Here, even if the sample
S having a higher temperature than the slush nitrogen
and the sample holder 9 are immersed in the slush nitro-
gen, the slush nitrogen does not boil immediately, unlike
liquid nitrogen, and therefore, the slush nitrogen is suit-
able as a refrigerant.
[0066] Next, the pull-out state is created by pulling out
the transport bar 21 toward the upper side. Subsequently,
the gate valve 14 is closed. Further, the preliminary sam-
ple chamber 4a is evacuated by the second vacuum
pump. If the degree of vacuum of the preliminary sample
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chamber 4a reaches a predetermined degree of vacuum,
the gate valve 5 and the gate valve 13 are opened.
[0067] Next, as shown in FIG. 7, the transport bar 21
is rotated by 90° in the clockwise direction around the
rotation axis P when viewed from the front, whereby the
first state is created. In this way, the transport bar 21 is
made so as to be able to transport the sample S disposed
at the tip portion thereof between the sample chamber
3a (refer to FIG. 1) and the inside of the case 41 through
the preliminary sample chamber 4a. Subsequently, the
transport bar 21 is pushed toward the left side, whereby
the tip portion of the transport bar 21 is moved to the
sample chamber 3a, and the sample holder 9 mounted
on the tip portion is set on the sample stage (not shown).
Thereafter, analysis of the sample S is performed by the
ion beam column 6 and the detection section 8 shown in
FIG. 1.
[0068] In this way, it is possible to transport the sample
subjected to cooling treatment in the first treatment cham-
ber 10, to the sample chamber 3a without bringing into
direct contact with the air.
[0069] In this manner, according to this embodiment,
the inside 42 of the case 41 is sealed by the second O-
ring 52 and the transport bar 21 is made so as to be able
to transition between the first state where the transport
bar 21 can transport the sample S between the prelimi-
nary sample chamber 4a and the inside 42 of the case
41, and the second state where the transport bar 21 can
transport the sample S between the first treatment space
10a and the inside 42 of the case 41. Therefore, it is
possible to mutually transfer the sample S between the
sub-chamber 4 and the first treatment chamber 10 pro-
vided in the treatment device 1, under an isolated atmos-
phere. For this reason, it becomes possible to connect
the sub-chamber 4 and the first treatment chamber 10 in
a state where the preliminary sample chamber 4a and
the first treatment space 10a communicate with each oth-
er under an isolated atmosphere. Therefore, it is possible
to provide the transport unit 20 in which a reduction in
the size and a reduction in the cost of the entire device
are possible, compared to a configuration in which a sub-
chamber 4 with an isolated internal atmosphere and a
first treatment chamber 10 are disposed independently
of each other.
[0070] Further, it is possible to transfer the sample S
subjected to cooling treatment in the first treatment cham-
ber 10 to the sub-chamber 4 in the treatment device 1
by the transport bar 21 of the transport unit 20. Therefore,
it is possible to attain a reduction in the size and a reduc-
tion in the cost of the treatment device 1, compared to a
treatment device of the related art in which a device for
a cooling treatment process and an analysis device are
independently provided.
[0071] Further, the gate valve 13 which opens and
closes the communication passage (the second opening
4c and the first opening portion 45) between the prelim-
inary sample chamber 4a and the inside 42 of the case
41 is provided. For this reason, communication between

the preliminary sample chamber 4a and the first treat-
ment space 10a can be cut off by blocking the commu-
nication passage between the preliminary sample cham-
ber 4a and the inside 42 of the case 41 by the gate valve
13. In this way, in a case where the first treatment cham-
ber 10 can become a contamination source with respect
to the sub-chamber 4, a case where gas is generated
from the first treatment chamber 10, or the like, a con-
taminant, gas, or the like can be prevented from flowing
from the first treatment chamber 10 into the sub-chamber
4.
[0072] Further, the transport unit 20 is detachably con-
nected to the gate valve 13, and therefore, the transport
unit 20 along with the first treatment chamber 10 can be
mounted and dismounted with respect to the sub-cham-
ber 4 in a state where the atmosphere of the preliminary
sample chamber 4a is cut off by blocking the communi-
cation passage between the preliminary sample cham-
ber 4a and the inside 42 of the case 41 by the gate valve
13. In this way, the atmosphere of the preliminary sample
chamber 4a can be maintained as a desired atmosphere,
and therefore, it is possible to efficiently perform analysis
and treatment of the sample S.
[0073] Further, the gate valve 14 which opens and
closes the communication passage (the opening 10b and
the second opening portion 46) between the first treat-
ment space 10a and the inside 42 of the case 41 is pro-
vided. For this reason, communication between the pre-
liminary sample chamber 4a and the first treatment space
10a can be cut off by blocking the communication pas-
sage between the preliminary sample chamber 4a and
the inside 42 of the case 41 by the gate valve 14. In this
way, in a case where the first treatment chamber 10 can
become a contamination source with respect to the sub-
chamber 4, a case where gas is generated from the first
treatment chamber 10, or the like, a contaminant, gas,
or the like can be prevented from flowing from the first
treatment chamber 10 into the sub-chamber 4.
[0074] Further, the first treatment chamber 10 is de-
tachably connected to the gate valve 14, and therefore,
the first treatment chamber 10 can be mounted and dis-
mounted with respect to the transport unit 20 in a state
where the atmosphere of the inside 42 of the case 41 is
cut off. In this way, the atmosphere of the preliminary
sample chamber 4a communicating with the inside 42 of
the case 41 can be maintained as a desired atmosphere,
and therefore, it is possible to efficiently perform analysis
and treatment of the sample.
[0075] Further, the treatment device 1 can be made to
be a small and low-cost vacuum device in which it is
possible to mutually transfer the sample S between the
sub-chamber 4 and the first treatment chamber 10 pro-
vided in a single device, under a vacuum atmosphere.
[0076] Furthermore, the sub-chamber 4 and the first
treatment chamber 10 are provided in the same treat-
ment device 1, and therefore, it becomes possible to
share the second vacuum pump which is connected to
the sub-chamber 4 and the first treatment chamber 10,
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and thus the cost of the device can be further reduced.
[0077] Further, the treatment device 1 can be made to
be a small and low-cost charged particle beam device in
which it is possible to mutually transfer the sample S be-
tween the sub-chamber 4 and the first treatment chamber
10 provided in a single device, under a vacuum atmos-
phere.

[Second Embodiment]

[0078] Next, a treatment device 101 and a transport
unit 120 (a transport device) of a second embodiment
will be described.
[0079] FIG. 8 is an explanatory diagram of the treat-
ment device of the second embodiment and is a cross-
sectional view in a plane which is orthogonal to the front-
back direction at the center in the front-back direction of
a section equivalent to the section A of FIG. 1.
[0080] In the first embodiment shown in FIG. 2, the first
treatment chamber 10 is mounted on the case 41. In con-
trast, in the second embodiment shown in FIG. 8, the first
treatment chamber 10 and a second treatment chamber
116 (a second chamber) are mounted on a case 141,
and in this regard, the second embodiment is different
from the first embodiment. The same configurations as
those in the first embodiment shown in FIG. 2 are denoted
by the same reference numerals, and the detailed de-
scription thereof is omitted.
[0081] As shown in FIG. 8, the case 141 of the transport
unit 120 is formed so as to be able to be divided into a
first case 141A provided further toward the lower left side
than the center point C when viewed from the front, and
the second case 41B provided further toward the upper
right side than the center point C.
[0082] The first opening portion 45, the second open-
ing portion 46, and a third opening portion 148 are formed
in the first case 141 A. The third opening portion 148
penetrates a lower left portion of the first case 141A so
as to become coaxial with an axis passing through the
center point C and being along a direction inclined by 45°
with respect to the right-left direction and the up-down
direction. The opening size of the third opening portion
148 is made to be equal to the inner diameter of the large-
diameter portion 33 in the through-hole 32 of the support
31.
[0083] The second treatment chamber 116 is mounted
on the lower left side of the case 141. The second treat-
ment chamber 116 is formed in a hollow rectangular par-
allelepiped shape and provided with an opening 116a
penetrating an upper wall thereof. The second treatment
chamber 116 is detachably mounted on the case 141
such that the opening 116a is located at a position cor-
responding to the third opening portion 148 of the case
141. The second treatment chamber 116 is regarded as
being, for example, a chamber for heating treatment with
a sheathed heater or the like provided inside thereof.
[0084] In this manner, in the treatment device 101 of
this embodiment, the first treatment chamber 10 and the

second treatment chamber 116 are connected to the
transport unit 120. For this reason, in the treatment device
101, it becomes possible to perform cooling and heating
treatment on the sample S in the respective treatment
chambers 10 and 116. Therefore, it becomes possible
to attain a reduction in the size and a reduction in the
cost of the treatment device 101, compared to a treatment
device of the related art in which devices for various treat-
ment processes and an analysis device with respect to
the sample S are independently provided.
[0085] In the second embodiment described above,
the second treatment chamber 116 for heating treatment
is connected to the case 141. However, there is no lim-
itation thereto, and the second treatment chamber 116
may be, for example, a chamber for steam treatment,
sputtering treatment, or the like.
[0086] Further, a gate valve may be interposed be-
tween the second treatment chamber 116 and the case
141.
[0087] Further, in the second embodiment described
above, two treatment chambers (sub-chambers) are con-
nected to the transport unit 120. However, there is no
limitation thereto, and three or more treatment chambers
(sub-chambers) may be connected thereto.
[0088] The present invention is not limited to the
above-mentioned embodiments described with refer-
ence to the drawings, and various modification examples
are conceivable within the technical scope thereof.
[0089] For example, in each embodiment described
above, the support 31 is formed in a spherical shape.
However, there is no limitation thereto, and the support
31 may be formed in a prolate spheroid shape, for ex-
ample.
[0090] Further, in each embodiment described above,
the second vacuum pump connected to the sub-chamber
4 is connected to and shared by the first treatment cham-
ber 10. However, there is no limitation thereto, and an
independent vacuum pump may be connected to the first
treatment chamber 10.
[0091] Further, in each embodiment described above,
the transport bar 21 is made so as to be rotatable around
the rotation axis P orthogonal to the right-left direction.
However, there is no limitation thereto, and the transport
bar 21 may be made so as to be rotatable around a ro-
tation axis intersecting the right-left direction.
[0092] Further, in each embodiment described above,
the first treatment chamber 10 for cooling treatment is
connected to the case 41 or 141. However, there is no
limitation thereto, and the first treatment chamber 10 may
be, for example, a chamber for heating treatment, steam
treatment, sputtering treatment, or the like.
[0093] Further, in each embodiment described above,
the focused ion beam device has been described to be
cited as an example of the charged particle beam device.
However, there is no limitation thereto, and a scanning
electron microscope, or the like is also acceptable. Fur-
ther, as the vacuum device, it is not limited to the charged
particle beam device, and for example, an analysis de-
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vice such as Auger electron spectroscopy or secondary
ion mass spectrometry, a scanning probe microscope,
or the like is also acceptable.
[0094] Further, in each embodiment described above,
the biological sample has been described to be cited as
an example of the sample S. However, there is no limi-
tation thereto, and the sample may be, for example, a
semiconductor sample, or the like.
[0095] In addition, it is appropriately possible to replace
the constituent elements in the above-described embod-
iments with well-known constituent elements within a
scope which does not depart from the gist of the present
invention.
[0096] While preferred embodiments of the invention
have been described and illustrated above, it should be
understood that these are exemplary of the invention and
are not to be considered as limiting. Additions, omissions,
substitutions, and other modifications can be made with-
out departing from the spirit or scope of the present in-
vention. Accordingly, the invention is not to be considered
as being limited by the foregoing description, and is only
limited by the scope of the appended claims.

EXPLANATION OF REFERENCES

[0097]

1: treatment device (vacuum device or charged
particle beam device)

3: main chamber
4: sub-chamber (first chamber)
4a: preliminary sample chamber (the inside of

first chamber)
6: ion beam column (charged particle beam col-

umn)
8: detection section (detector)
10: first treatment chamber (second chamber)
10a: first treatment space (the inside of second

chamber)
13: gate valve (first gate valve)
14: gate valve (second gate valve)
20, 120: transport unit (transport device)
21: transport bar
31: support
41, 141: case
42: inside of case
52: second O-ring (seal member)
116: second treatment chamber (second cham-

ber)
P: rotation axis
S: sample

Claims

1. A transport device which is interposed between a
first chamber and a second chamber, comprising:

a transport bar which transports a sample along
a predetermined direction in the first chamber;
a support which supports the transport bar;
a case which supports the support so as to be
rotatable around a rotation axis intersecting the
predetermined direction; and
a seal member which is disposed between the
support and the case and seals the inside of the
case,

wherein the inside of the first chamber and the inside
of the second chamber can communicate with each
other through the inside of the case, and
the transport bar is made so as to be able to transition
between a first state where the transport bar can
transport the sample between the inside of the first
chamber and the inside of the case, and a second
state where the transport bar can transport the sam-
ple between the inside of the second chamber and
the inside of the case, by rotation of the support with
respect to the case.

2. A treatment device comprising:

the transport device according to Claim 1;
the first chamber; and
the second chamber.

3. The treatment device according to Claim 2, further
comprising:

a first gate valve which is interposed between
the first chamber and the case and opens and
closes a communication passage between the
inside of the first chamber and the inside of the
case.

4. The treatment device according to Claim 3, wherein
the transport device is detachably connected to the
first gate valve.

5. The treatment device according to any one of Claims
2 to 4, further comprising:

a second gate valve which is interposed be-
tween the second chamber and the case and
opens and closes a communication passage be-
tween the inside of the second chamber and the
inside of the case.

6. The treatment device according to Claim 5, wherein
the second chamber is detachably connected to the
second gate valve.

7. The treatment device according to any one of Claims
2 to 6, wherein a plurality of the second chambers
are connected to the transport device.
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8. A vacuum device comprising:

the treatment device according to any one of
Claims 2 to 7.

9. A charged particle beam device comprising:

the vacuum device according to Claim 8;
a charged particle beam column which irradiates
a sample with a charged particle beam; and
a detector which detects secondary particles
which are emitted from the sample due to irra-
diation with the charged particle beam.
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